NICKEL -METAL HYDRIDE BATTERY WITH IMPROVED SEPARATOR 



FIELD OF THE INVENTION 

The present invention relates to nickel-metal hydride 
5 batteries. More particularly, the invention relates to an 
improved separator for a nickel -metal hydride battery. 



BACKGROUND OF THE INVENTION 

Various kinds of battery constructions utilize a porous 
10 battery separator material disposed between the battery 

electrodes for positioning the electrodes in a spaced apart 
relationship and to maintain the battery electrolyte in 
contact with the electrodes. For example, one known 
construction consists of a wound anode interleaved with a 
15 wound cathode, with the wound anode and cathode being spaced 
apart from one another by a nonconductive porous separator 
material which is impregnated with electrolyte. Various 
battery separators have been produced from nonwoven webs of 
fibrous materials. For example, Williams et al . U.S. Pat. 
20 No. 6,174,826 describes a nonwoven battery separator 
material which is formed from a blend of polypropylene 
staple fibers and polyethylene/polypropylene sheath/core 
bicomponent fibers. Published PCT Application WO 00/41254 
describes a nonwoven battery separator material which 
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includes thermoplastic polymeric fibers blended with a 
hydrophilic melt additive. 

Although nonwoven webs of this type offer many 
advantageous features, the need exists for greater control - 
5 over the uniformity, strength, dimensional stability, 

electrolyte transport properties and other characteristics 
of a nonwoven battery separator. For example, it is 
important that the battery separator have uniformity in 
thickness and basis weight, avoiding holes or thin areas 
10 that could produce short circuits or variations in the 
resistance or other electrical properties. Examples of 
separators are provided in U.S. Patent Application Serial 
Number 10/080,199 which is hereby incorporated by reference 
herein . 

15 SUMMARY OF THE INVENTION 

One aspect of the present invention is a nickel-metal 
hydride electrochemical cell, comprising: a positive 
electrode including a nickel -hydroxide active material; a 
negative electrode including a hydrogen storage alloy active 

20 material; a separator electrical insulating said positive 
electrode form said negative electrode, said separator 
having a hi-pot resistance greater than 400 volts, an ionic 
resistance less than 25 ohm-cm. The separator may 
additionally have an absorbency between 3 0% and 50% relative 

25 to the alkaline electrolyte at 100 psi. 
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Another aspect of the present invention is related to a 
material having a laminated construction formed of multiple 
nonwoven web layers. The material has utility as a battery 
separator material. The laminated battery separator material 
5 of the present invention comprises a first layer of nonwoven 
fibers defining a first surface of the battery separator; a 
second layer of nonwoven fibers defining the opposite 
surface of the battery separator; and a third layer of 
nonwoven fibers located between the first and second layers. 

10 The layers are bonded together to form a laminate. At least 
one of the nonwoven layers comprises a nonwoven web of 
meltblown fibers. Additionally, one or more of the layers 
has been rendered permanently hydrophilic by forming the 
nonwoven web from fibers of a normally hydrophobic polymer 

15 having a hydrophilic melt additive incorporated therein. 

Preferably, at least one of the nonwoven web layers of 
the laminate contains binder fibers having a melting or 
fusing point lower than the fibers of the other layers . The 
binder fibers of this layer can be activated by heating so 
20 as to bond the layers of the laminate together while 
preserving the integrity of the other layers. 

Preferably, at least the web formed of meltblown fibers 
is made from a normally hydrophobic polymer having a durable 
hydrophilic melt additive incorporated therein. The 
25 hydrophilic melt additive may comprise at least one member 
selected from the group consisting of monomer or dimer fatty 
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acids having a carbon chain length in the range of 6 to 50, 
hydroxy phenols, polyethylene glycol, polyvinyl alcohol, and 
polyvinyl formal . One or more of the other layers of the 
separator may also be made permanently hydrophilic in this 
5 manner. 

The nonwoven webs used in the laminated battery 
separator may be formed by various processing techniques 
known in the nonwovens industry. For example, the webs may 
comprise an air-laid web of staple fibers, a carded web of 

10 staple fibers, a wet-laid web of staple fibers, a web of 
meltblown fibers or a spunbonded web of substantially 
continuous filaments. The various nonwoven layers may be 
arranged in various configurations to provide the desired 
mechanical, electrical and electrolyte transport properties. 

15 For example, in one specific embodiment, the laminated 

battery separator material comprises a first layer formed of 
meltblown nonwoven fibers defining a first surface of the 
battery separator; a second layer formed of nonwoven fibers 
defining the opposite surface of the battery separator; and 

20 an intermediate third layer of wet -laid nonwoven fibers 

located between said first and second layers and bonded to 
said first and second layers to form a laminate. At least 
one of the first and third layers comprises permanently 
hydrophilic fibers formed of a normally hydrophobic 

25 polypropylene polymer having a hydrophilic melt additive 

incorporated therein. In one preferred specific embodiment, 
both outer layers of the laminated battery separator 



material are formed of meltblown nonwoven fibers formed of a 
normally hydrophobic polypropylene polymer having a 
hydrophilic melt additive incorporated therein. In another 
preferred specific embodiment, the first layer is formed of 
5 meltblown fibers containing a hydrophilic melt additive, so 
that this surface of the separator is hydrophilic and 
promotes wicking and retention of the electrolyte, and the 
opposite surface of the separator is hydrophobic and is 
formed from meltblown fibers of a normally hydrophobic 

10 polymer. Between the two outer meltblown layers, there is 
provided a bonding layer, preferably a wet -laid nonwoven 
formed of staple fibers, at least some of which are formed 
of or contain a relatively lower melting polymer so as to 
function as binder fibers. The fibers of this layer may be 

15 hydrophobic, permanently hydrophilic, or a blend of 
hydrophobic and hydrophilic fibers. 

Other exemplary constructions include a wet-laid- 
meltblown-carded laminate; a meltblown-spunbond-wet-laid 
laminate; a meltblown-wet-laid-carded laminate, a meltblown- 

20 wet-laid-wet-laid laminate and a wet-laid-meltblown-wet-laid 
laminate. The separator material can also contain more than 
three layers. At least one of the outer layers is rendered 
permanently hydrophilic by incorporating into a normally 
hydrophobic polyolefin polymer, at least one hydrophilic 

25 melt additive. 
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The nonwoven webs used in the laminated battery 
separator of the present invention may include 
multicomponent fibers which include a first component formed 
of a hydrophobic polypropylene and a second component formed 
5 of a blend of a hydrophobic polyolefin and a hydrophilic 
melt additive. This second component is disposed at the 
surface of the fibers. The hydrophilic melt additive- 
modified polyolefin component can be arranged in various 
configurations in the cross-section of the fiber and the 
10 fibers can have various cross-sections. For example, the 

hydrophilic component can occupy a portion of the surface of 
the fiber, as would occur for example with a side-by-side or 
segmented pie multicomponent fiber cross-sectional 
configuration. 

15 There are various melt additives available which can be 

melt blended with a hydrophobic polyolefin composition to 
impart durable hydrophilic properties to the polyolefin. 
Melt additives suitable for the present invention must not 
undesirably alter the melt-spinability of the multicomponent 

20 fibers and should be relatively compatible with the 

polyolefin composition such that the additive will not 
prematurely leach out and lose the hydrophilic properties. 
Certain suitable melt additives useful in the present 
invention will be at least partially immiscible with the 

25 polyolefin polymer composition and will tend to bloom to the 
fiber surface over time or with application of heat to 
impart a prolonged hydrophilic surface modification. 



Particularly suitable are compounds with a molecular 
structure which includes at least one functional group which 
is tethered to the olefin polymer structure, with other 
functional groups which provide reactive hydrophilic sites. 
5 Suitable hydrophilic melt additives for use in the present 
invention include monomer or dimer fatty acids, hydroxy 
phenols, polyethylene glycol, f luorohydrocarbons , polyvinyl 
alcohol and polyvinyl formal . 

One particularly suitable class of melt additives is an 
10 admixture of hydroxy phenols and polyethylene glycols. The 
hydroxy phenol is characterized in that it contains the 
functional group HOC 6 H 4 --. 

Another particularly suitable class of melt additives 
are monomer and dimer fatty acids having a carbon chain 
15 length in the range of 6 to 50, preferably 18 to 36. 

According to one embodiment of the invention, the 
nonwoven web is fabricated employing wet laid and/or carded 
thermal bonding processes. It is possible to use 
combinations of hydrophobic and hydrophilic fibers in the 
20 web. In other words, all fibers in the web need not be 
permanently wettable. 

In one specific preferred embodiment, the web includes 
bicomponent fibers in which the melt additive is 
incorporated into the sheath constituent of the fiber. Use 
25 of bicomponent fibers, as well as combinations of 
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hydrophobic and hydrophilic fibers, reduces costs and 
permits optimization of the web for diverse applications. In 
another of the embodiments of the present invention, the 
wettable fibers are blended with non-wettable binder fibers. 
5 Preferably these binder fibers are 

polyethylene/polypropylene bicomponent fibers having a 
polyethylene sheath and a polypropylene core. In still 
another embodiment of the invention, the nonwoven web 
includes both non-wettable binder fibers and wettable binder 

10 fibers. The wettable binder fibers are preferably 

polyethylene/polypropylene bicomponent fibers where the 
hydrophilic melt additive is incorporated into the 
polyethylene sheath of the bicomponent fiber. The non- 
wettable binder fibers may comprise 

15 polyethylene/polypropylene bicomponent fibers. In yet 

another embodiment, the nonwoven web is formed substantially 
entirely of wettable binder fibers of the type described. 

In general, laminated battery separator materials of 
the invention have enhanced wetability and strength and 

20 provide good permeability to gases. More particularly, the 
laminated materials of the present invention can provide the 
very fine average pore sizes and bubble points (largest pore 
measurement) desired in many kinds of battery separators 
which maintaining excellent burst strength, tensile strength 

25 and dimensional stability. The laminates also provide the 
capability of imparting a gradient wettability to the 
material for better control over the wetting 



characteristics. For example, for certain end-use 
applications, the laminated material can have wettability on 
one surface and barrier properties on the opposite surface. 

The invention also includes the related process for 
making laminated nonwoven material which can be used as a 
battery separator which require durability and wettability. 
In general, wettable fibers with at least one hydrophilic 
melt additive are produced and formed into a nonwoven web by 
meltblowing, spunbonding other nonwoven formation methods. 
In one embodiment the fibers are further mixed with binder 
fibers which are then laid on a papermaking machine to form 
a wet-laid web. The water is removed from the wet-laid web, 
thermal bonded and calendered to form the nonwoven. 

The laminated nonwoven materials of the present 
invention have particular utility as battery separator 
materials. However, the materials also can be advantageously 
employed in other end uses. For example, in the field of 
filtration, the various web layers can be selected to 
produce filtration media with various desired fluid 
transport and separation characteristics. 

BRIEF DESCRIPTION OF THE DRAWING 

Figure 1 is a schematic cross-sectional view 
illustrating a laminated nonwoven material. 
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DETAILED DESCRIPTION OF THE INVENTION 



The present invention will be described more fully 
hereinafter with reference to the accompanying drawing, in 
which one specific embodiment of the invention is shown. 
5 This invention may, however, be embodied in many different 
forms and should not be construed as limited to the 
embodiments illustrated or described herein; rather, these 
embodiments are provided so that this disclosure will be 
thorough and complete, and will fully convey the scope of 
10 the invention to those skilled in the art. 

The hydrophilic melt additives are incorporated into 
the thermoplastic olefin polymer and are converted into a 
nonwoven web using any of various forming technologies 
available for the production of nonwoven webs. The material 

15 can be converted directly from the polymer into a nonwoven 
web by spunbonding or meltblowing or a combination of the 
two. Alternatively, the material may be first formed into 
fibers and the fibers may thereafter be converted into a 
nonwoven web by techniques such as wet -laying, air- laying or 

20 carding. By combining the melt additives and the nonwoven 
process, a durably hydrophilic nonwoven web is produced. 

In one embodiment of the invention, the hydrophilic 
melt additives are blended with polypropylene and formed 
into multicomponent staple fibers to form a wettable fiber 
25 matrix. This matrix is then further combined with non- 
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wettable binder fibers and wet-laid to form one of the 
layers of the nonwoven material of the invention. The non- 
wettable binder fibers used may include a bicomponent fiber 
comprising a polyethylene sheath and a polypropylene core, 
5 available as Chisso fibers from Chisso, Japan. The nonwoven 
material formed has both discrete hydrophobic and 
hydrophilic regions due to the different types of fibers 
used in making the web. 

In an alternate embodiment the hydrophilic melt 
10 additives are blended with bicomponent fibers comprising a 
polypropylene sheath and a polypropylene core to form the 
wettable fiber matrix. The bicomponent sheath/core fiber 
proportions used in the invention may vary over a wide 
range, with from 50/50 sheath/core to 60/40 sheath/core 
15 being exemplary. Essentially the melt additives are 

incorporated into the outer sheath of the fibers. Use of 
bicomponent fibers having 60/40 sheath/core permit higher 
incorporation of the melt additive into the sheath portion. 
The wettable fibers may be then further combined with non- 
20 wettable binder fibers to form the nonwoven web. 

In all embodiments, the durable hydrophilic web is 
manufactured by blending a concentrate of hydrophilic melt 
additives with the thermoplastic polymer and converting the 
polymer into fibers, and into a nonwoven web directly or 
25 through an intermediate fiber formation process. The type of 
melt additive and proportion can be varied as required to 
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control the wettability of the particular nonwoven web 
layer . 

In one embodiment, the melt additives used in the 
invention are selected from the group consisting of monomer 
5 and dimer fatty acids having a carbon chain length in the 
range of 6 to 50, preferably 36. In a preferred composition 
of this embodiment, the blend contains 2 to 15% Acintol® 
tall oil fatty acid, Acintol® distilled tall oils (monomer 
acids) and Sylvadym® dimer acids, which are all 

10 commercially available from Arizona Chemical Company, Panama 
City, Fla. and are fully described in the Technical Data 
Sheets for these materials, which are incorporated herein by 
reference. These are polar liquid materials which migrate to 
the surface of the polyolefin and remain as liquid on the 

15 surface thereof. Uniform mixing of the components is 

important to achieve effective hydrophilic properties. In. 
another embodiment, the hydrophilic melt additives are 
f luorohydrocarbons, such as 3M FC 1296. 

In another embodiment, the melt additives used in the 
20 invention are an admixture of hydroxy phenols and 

polyethylene glycols. Examples of melt additives used are 
commercially available from Techmer PM, California under the 
product designations PPM 11211, PPM 11249, PPM 11212, PPM 
11267 and PPM 11268. This active or functional chemical is 
25 provided in a carrier resin, preferably polyolefin such as 
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polypropylene or polyethylene, of a given melt flow rate 
(MFR) suitable for meltblowing, spunbonding or staple fiber 
manufacture. Accordingly, the formulations have different 
melt flow rates depending on the end use applications. The 
5 MFR listed in the formulations below were measured at 
230°C, 2.16 kg. Melt blown grade polypropylene resins 
typically have a much higher melt flow rate (MFR 800-1200) , 
whereas spunbond and staple fiber grade polypropylene resins 
have a lower melt flow rate (MFR 7-35) . The base chemicals 

10 in the formulations include durable hydrophilic materials or 
non-durable hydrophilic materials depending on the desired 
wettability properties and end use applications. The non- 
durable hydrophilic materials provide initial wetting of the 
fibers to enhance and maximize incorporation of the durable 

15 hydrophilic materials. The durable hydrophilic materials 

impart the wettability and strength properties to the fiber 
materials . 

For melt blown nonwoven structures, the fiber- forming 
polymer suitably contains from about 1% to about 2 0% by 

20 weight of the active durable hydrophilic additive. For 

spunbond webs and nonwoven webs containing staple fibers, 
the fibers can suitably contain from about 1% to about 15% 
by weight of the active durable hydrophilic additive. A 
small proportion of a non-durable hydrophilic additive may 

25 optionally also be included. The hydrophilic melt additives 
can be used in the following exemplary forms of nonwovens, 
namely meltblown, spunbond, wet-laid, dry-laid or a 



combination of these forms. Fiber deniers for melt blown 
structures typically range from 0.1 to 2.0 deniers, with 
less than 1.0 most preferred. In the case of staple fiber 
and spunbond filaments deniers, fiber deniers of less than 
5 3.0 are used, but less than 2.0 are most preferred. 

The fibers can be produced by blending the unmodified 
hydrophobic polyolefin resin, in chip or flake form as 
supplied by the resin supplier, with a melt additive 
masterbatch formulation which contains the active 
10 hydrophilic melt additive chemical in a polyolefin resin 
carrier. The following are exemplary melt additive 
masterbatch formulations : 

Melt Additive 1 contains approximately 3 0% by weight of 
a durable active hydrophilic chemical with the balance being 
15 polypropylene, and is a commercially available composition 
sold as PPM 11211 from Techmer PM, California. 

Melt Additive 2 contains approximately 30% by weight of 
a non-durable hydrophilic active chemical, with the balance 
being polypropylene, and is a commercially available 
20 composition sold as PPM 11212 from Techmer PM, California. 

Melt Additive 3 contains approximately 25% of the same 
durable hydrophilic materials as in Melt Additive 
formulation 1. This additive has a MFR of 54 grams/10 
minutes and is commercially available as PPM 11267 from 
25 Techmer PM. 



Melt Additive 4 contains approximately 20% of the 
active chemical and includes the same non-durable 
hydrophilic materials as in Melt Additive formulation 2. 
This additive has a MFR of 109 grams/10 minutes and is 
5 commercially available as PPM 11268 from Techmer PM, 
California . 



EXAMPLES 

To understand the present invention more fully, several 
10 illustrative examples of the invention are described below. 
These examples are for purposes of illustration only and 
this invention should not be considered to be limited by any 
recitation used therein. The examples demonstrate the 
preparation of various laminated nonwoven materials in 
15 accordance with the present invention. 

Test Procedures: 

In the examples below, unless otherwise specified, the 
following test procedures were used: 



20 Air Permeability. 

Air Permeability was measured in accordance with ASTM 
Test Method D737-96. 
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Tensile Strength. 

Machine direction (MD) and cross-machine direction (CD) 
tensile strength were measured an accordance with ASTM 
Procedure D5035. 

5 

Wicking. 

Wicking refers to the ability of a fabric to absorb a 
liquid through capillary action. Wicking values are obtained 
by determining the distance a solution of potassium 

10 hydroxide (KOH) is absorbed (wicked) by a fabric specimen 

held vertically. Specifically, three (3) specimens from each 
sample are cut 1 inch CD x 7 inch MD (2.54 cm . times . 17 . 8 
cm) . The specimens are conditioned by drying in an oven at 
70°C. (158°F.) for 1 minute, removed from the oven, and 

15 conditioned to the lab environment for 15 minutes prior to 
testing. Each specimen of the fabric is suspended vertically 
in a 31% solution of KOH and the distance the liquid is 
absorbed by the specimen is measured after 30 minutes. 

The 31% KOH solution was prepared as follows: 
20 Ingredients: Distilled water and potassium hydroxide pellets 
(KOH) . Procedure: The distilled water is freed of dissolved 
carbon dioxide by boiling and covering with a watch glass. 
The boiled water is allowed to cool to room temperature. The 
solution should be 31% KOH by weight. Since solid KOH 
25 contains approximately 10% water, 34.5 g of solid KOH is 

16 



used for every 100 g of solution required. The solution is 
made by slowly adding the 34.5 g of KOH to 65.5 g of water. 

Bubble Point and Mean Pore Size. 

The mean pore size and bubble point (maximum pore size) 
5 measurements are from a Porous Materials Inc (PMI) Automated 
Capillary Flow Porometer. The company is located at 83 Brown 
Road, Ithaca, N.Y. 14850. The test method used is the 
standard supplied by the manufacturer. 



10 Absorbency Under Pressure. 

Die cut 20 layers of fabric into 1 inch (2.54 cm) 
diameter circles. Stack the 20 circular samples, place in a 
heat-sealable plastic pouch and place the pouch assembly 
between two square plexiglass plates that can be tightened 

15 with bolts/wing-nuts on each of the four comers. Add 

sufficient 31% KOH to the pouch to saturate the samples and 
soak for 5 minutes, then drain the excess KOH. Vacuum fill 
the assembly two times to remove any trapped air and 
completely saturate the samples. Again drain any excess KOH. 

20 Weigh the sample and measure thickness after the 5-minute 
soak and after the second vacuum. Compress the assembly to 
50 psi (345 kPa) , adjust wing-nuts to maintain compression, 
drain excess KOH and then heat -seal the open end of the 
plastic pouch. Place the entire assembly in an oven at 60°C. 

25 for a minimum of 3 hours. Allow to cool, cut open bag and 
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drain excess KOH. Compress assembly to 100 psi (690 kPa) and 
again adjust wing-nuts to maintain compression. Drain excess 
KOH. Measure weight and thickness of assembly after 50 psi 
compression, after 3+ hour heat treatment and after 100 psi 
5 compression. Calculate the absorbency at 100 psi in 

g/cc=grams of KOH absorbed at 100 psi /(thickness of 20 
layers at 100 psi x area of the 2.54 cm diameter sample) . 

Hi Pot. 

Place rectangular fabric sample approximately 2 5/8 
10 inch x 3 1/4 inch (6.7 cm x 8.3 cm) between two aluminum 
test plates. Compress sample to 50 psi (345 kPa) . Apply 
electrical potential across plates and increase voltage 
steadily until electrical arc occurs. Report voltage at 
which arcing begins. Measure 2 0 samples and report average 
15 voltage. 

Ionic Resistance. 

Cut twenty one inch (2.54 cm) diameter samples from the 
sheet. Place in heat sealable pouch, cover with 31% KOH 
solution and seal pouch. Heat in 60°C. oven for 3 hours, 

20 cool for one hour before testing. Stack a 1" diameter Ni 
disk + l" diameter metal hydride electrode disk + two 1" 
diameter separator samples (add few drops of 31% KOH) + 1" 
metal hydride electrode disk + 1" diameter nickel disk. 
Compress the assembly with a 50 psi (345 kPa) load. Measure 

25 the impedance between the two nickel disks using an Agilent 

18 



Impedance Meter (Model HP4338B) . Add two more fabric sample 
disks and measure the impedance with 4 layers of separator. 
Continue testing two additional layers at a time until all 
20 layers are tested. Plot the measured impedance versus the 
number of layers. Calculate ionic resistance (ohm-cm) = 
slope x area of 1 inch diameter sample/thickness of 1 sample 
layer under compression. 

Preparation of Nonwoven Webs 

The nonwoven webs used in the laminated wettable 
battery separator materials described in Table 1 below were 
prepared as follows: 

Meltblown webs having an average fiber diameter of 1 to 
5 (micron), preferably 1 to 2 |im are produced by blending 
polypropylene resin flake with the following masterbatch 
compositions: 2 1/2 percent of the nondurable hydrophilic 
Melt Additive 2 and 20 percent of the durable hydrophilic 
Melt Additive 1. Thus, the fibers contain 6 percent of the 
active durable hydrophilic melt additive. 

Wet -laid webs are produced from a blend of durably 
hydrophilic bicomponent fibers and unmodified, hydrophobic 
bicomponent fibers. The hydrophilic bicomponent fibers are 
16.6 ixva diameter fibers 1/2 inch (1.3 cm)' staple length, and 
of a 50/50 sheath/core configuration, including a 
polyethylene sheath and a polypropylene core. The 
polyethylene sheath component contains 2 0% by weight of the 
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durable hydrophilic Melt Additive 3 and 2 1/2% of Melt 
Additive 4. The non-modified hydrophobic fibers are 17.5 |im 
diameter, 10 mm staple length fibers which are 50/50 
concentric sheath/core polyethylene/polypropylene 
5 bicomponent fibers. 

The carded thermal bond webs are produced from 
hydrophobic polypropylene fibers 1 1/2 denier, 15 \im 
diameter, 1 1/2 inch (3.8 cm) staple length. 

The spunbond webs are produced from hydrophobic 
10 polypropylene filaments 15-20 |im in diameter. 

The netting is produced from polypropylene strands 100- 
150 |im in diameter. 

The nylon web is form from a blend of 10 |im and 19 (im 
nylon 6 fibers. 

15 The various separately produced webs were arranged in 

stacked relation and directed through a heated calender 
equipped with smooth rolls to form laminates. The nip 
pressure and roll temperature and speed are adjusted to 
provide sufficient heat to activate the polyethylene 

20 component of the fibers so as to effect bonding without 

overly affecting the structure of the other web layers. An 
exemplary roll temperature for bonding polyethylene is 225° 
F. (107°C). The physical properties of the laminates were 
measured, and are reported in Table 1. 
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TABLE 1 
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PP = polypropylene 
PE = polyethylene 

* Polymer contains wettable metl additive 
Example 2 has a hydrostatic head of 26 cm 

30 As shown in the drawing Figure 1, the laminate includes 

outer layers 1 and 2 and an intermediate layer 3 located 
therebetween. The product of Example 1 was designed to 
promote wicking of the electrolyte. All three layers of the 
laminated battery separator are formed from fibers 

35 containing a hydrophilic melt additive, and both outer 
layers are meitblown webs. Example 2 was designed with a 
relatively heavy basis weight hydrophilic meitblown on one 
outer surface, and this outer layer together with the 
intermediate wet laid layer function as an electrolyte 

40 reservoir. The opposite outer surface is formed from a 

relatively heavy basis weight hydrophobic meitblown web and 
serves as a liquid barrier. The laminated separator has 
hydrostatic head of 26 cm. Example 3 is a laminated 
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construction designed to provide higher MD tensile strength. 
The crimped staple fiber contained in the thermal bond 
layer, coupled with the thermal bond pattern of the layer 
contribute to providing flow channels within the separator 
5 material. The laminate of Example 4 is designed for enhanced 
strength while maintaining sufficient electrolyte wicking 
and retention. The laminate of Example 5 has limited 
hydrophobic properties on one surface and hydrophilic 
properties on the opposite surface. The laminate of Example 
10 6 utilizes a polypropylene netting material for strength and 
to provide channels in the machine direction contributing to 
enhanced gas transport within the separator material . 

A further example of a multi- layer nonwoven laminate 
structure is a trilaminate structure including PP Meltblown 

15 outer layer containing a durable hydrophilic melt additive, 
a wet -laid inner layer of PE/PP sheath/core bicomponent 
fibers in which the PE sheath component contains a durable 
hydrophilic melt additive, and an outer layer of wet-laid 
nylon fibers. This laminate exemplifies how two different 

20 kinds of fibers can be incorporated into different layers. 
One surface layer is formed of wet laid web of nylon fibers, 
while the opposite surface is formed of hydrophilic 
polypropylene meltblown fibers. Still another example is a 
trilaminate structure in which all three layers contain a 

25 durable hydrophilic melt additive, and arranged as follows: 
two wet -laid outer layers of PE/PP bicomponent fibers 
containing hydrophilic melt additive in the PE sheath 



component on opposite sides of a middle layer of PP 
meltblown fibers containing a hydrophilic melt additive. 

Examples 7 and 8 illustrate products that are similar 
to Example 1, but differ in weight. Additional test data 
illustrating the utility of these materials for battery 
separators are available for these samples: KOH absorbency 
under pressure (which measures electrolyte retention under 
compression, such as would be found in a cell) , ionic 
resistance (measures resistance to ion flow through 
electrolyte saturated separator) , and hi -pot (resistance to 
shorting) . 

Preferably, nonwoven materials of the present invention 
intended for use as battery separators have the following 
physical properties : 

hi-pot greater than 400 volts, and desirably greater 
than 500 volts; 

ionic resistance less than 15 ohm-cm, more desirably 
less than 12 ohm-cm, and most preferably less than 10 ohm- 
cm; and 

absorbency between 0.50 g/cm 3 and 0.70 g/cm 3 at 100 psi 
(690kPa) , more desirably between 0.50 g/cm 3 and 0.60 g/cm 3 
at 100 psi 

Example 9 illustrates how a conventional grafting 
technology can be utilized in one of the layers in another 
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embodiment of the invention. In this case, one outer layer 
contains acrylic acid grafted polypropylene. Similarly, a 
sulfonated or fluorinated fabric could be used as one of the 
layers . 

5 The use of acrylic acid grafted or sulfonated 

polyolefin fabric as a separator is known to provide better 
self -discharge performance in a cell. It is thought that the 
grafted functional groups on the surface of these fabrics 
are able to capture trace metal ion and ammonia contaminants 

10 present in the positive electrode. These contaminants could 
migrate through a non-grafted separator and "poison" the 
surface of the negative electrode. Ammonia absorption 
capacity of the fabrics of examples 7 and 9 was measured by 
the following test: each fabric was soaked in 31% KOH 

15 containing 0.1 M ammonium nitrate for 12 hours, then 

thoroughly rinsed in distilled water and dried. The amount 
of nitrogen absorbed by the fabric is then measured by the 
Kjeldahl method. Example 9, containing a grafted layer is 
seen to absorb 17 times as much nitrogen as Example 7. The 

20 Kjeldahl method is a well-known method for determining 

nitrogen content. The method involves treating the sample 
with concentrated H2S0 4 , KMn0 4 , and HC10 4 to convert the 
nitrogen into ammonium sulfate. The solution is diluted, 
excess alkali is added and the ammonia formed is distilled 

25 into a known quantity of standard acid. The amount of 
ammonia generated is determined by titrating the excess 
acid . 



24 



According to the present invention, melt additives 
containing anionic functional groups, such as --C00', --S0 4 = , 
--S0 3 = , --PO/ 3 , --C0 3 = , can be used to provide the same kind 
of improved self -discharge performance in polyolefin fabrics 
5 at lower cost than grafting. The melt additive can be 
incorporated in one or more of the laminate layers. An 
example of a melt additive that provides both hydrophilic 

and anionic functionality is Sylvadym® dimer acid, 

commercially available from Arizona Chemical Company. 

1 0 TABLE 2 





Example 7 


Example 8 


Example 9 


Outer Layer 1 


lOgsm PP meltblown* 


1 5 gsm PP meltblown * 


10 gsm PP meltblown* 


Intermediate Layer 


20 gsm PE/PP Wetlaid* 


28 gsm PE/PP Wetlaid* 


20 gsm PE/PP Wetlaid* 


Outer Layer 2 


lOgsm PP meltblown* 


15 gsm PP meltblown* 


55 gsm PP Spunbond** 


Basis Wt, g/m 2 


40.0 


58.0 


85 


Caliper, mm 


0.14 


0.15 


0.21 


Air Perm, cmVcmVsec 


22.0 


5.0 


5.0 


Bubble Pt, u 


27 


14 


16.5 


Mean Pore Size, u 


18 


8 


9 


MD Tensile, kg/50 mm 


9.3 


16.1 


29.6 


CD Tensile, Kg/50 mm 


4.3 


6.9 




KOH Wicking, mm 


84 


69 


96 


KOH Retentivity, % 


351 


203 


134 


Absorb at 100 psi, g/cm 3 


0.62 


0.53 


0.61 


Ionic resistance, ohm-cm 


10.9 


12.8 


12.2 


Hi pot, volts 


559 


782 


1114 


Ammonia absorption (% N) 


.009 




.16 



♦Polymer contains wettable melt additive 
♦♦Spunbond surface grafted with acrylic acid 



35 The materials disclosed hereinabove may be used to make 

battery separators. In particular, the separators formed 
from these materials may be used in all types of nickel - 
metal hydride electrochemical cells. 

Nickel -metal hydride electrochemical cells includes one 

40 or more positive electrodes that include a nickel -hydroxide 
active electrode material. In addition, the nickel-metal 
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hydride electrochemical cell includes one or more positive 
electrodes that include a nickel hydroxide active material. 

Generally, hydrogen storage alloy materials are used in 
a variety of applications. Examples of such applications 
5 include both rechargeable electrochemical cells as well as 
fuel cells. Rechargeable electrochemical cells using a 
hydrogen storage alloy as the active material for the 
negative electrode are known in the art. The negative 
electrode is capable of the reversible electrochemical 

10 storage of hydrogen. The positive electrode typically 

comprises a nickel hydroxide active material although other 
active materials, such as manganese hydroxide, may be used. 
The negative and positive electrodes are spaced apart in an 
alkaline electrolyte. A suitable separator (i.e., a 

15 membrane) is positioned between the negative electrodes and 
the positive electrodes (so as to prevent a positive 
electrode from making contact with a negative electrode) . 
As used herein the terminology "metal hydride material", 
"hydrogen storage alloy", and "hydrogen absorbing alloy" are 

20 synonymous. 

Upon application of an electrical current to the 
negative electrode, the active metal hydride material is 
charged by the absorption of hydrogen. This is shown by 
reaction (1) . 
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M + H 2 0 + e" -> M-H + OH" (Charging) 



(1) 



Upon discharge, the stored hydrogen is released by the 
metal hydride material to provide an electric current. This 
is shown by reaction (2) . 

M-H + OH" -> M + H 2 0 + e" (Discharging) (2) 
The reactions at a conventional nickel hydroxide positive 
electrode as utilized in a nickel-metal hydride 
electrochemical cell are as follows: 

Ni(OH) 2 + OH" -> NiOOH + H 2 0 + e" (Charging) (3) 

NiOOH + H 2 0 + e" -> Ni(OH) 2 + OH" (Discharging) (4) 

A positive electrode is preferably formed by attaching 
the nickel hydroxide active material to a conductive 
substrate. Preferably, the conductive substrate is in the 
form of a metal foam. Preferably, the metal used is 
nickel. A negative electrode is preferably formed by 
attaching the hydrogen storage alloy active material to a 
conductive substrate. Preferably, the conductive substrate 
for the negative electrode is an expanded metal, perforated 
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metal or a metal mesh. Preferably, the metal used for the 
negative substrate is nickel or copper. 

The nickel -metal hydride cell further includes an 
alkaline electrolyte. The alkaline electrolyte is 
5 preferably formed from an aqueous solution of an alkali 
metal hydroxide. The alkali metal hydroxide preferably 
includes at least one material selected from the group 
consisting of sodium hydroxide, lithium hydroxide, and 
potassium hydroxide. An example of an electrolyte which 
10 may be used is one having 30% wt concentration of KOH. 

Another examples of an electrolyte which may be used is one 
having a 31% wt concentration of KOH. ' 

The separator incorporated within the nickel -metal 
hydride electrochemical cell preferably has a hi -pot 
15 resistance which is preferably greater than 400 volts, and 
more preferably greater than 500 volts. The hi-pot 
resistance is generally measured using a dry separator. It 
is noted that separators having a high-pot resistance lower 
than about 400 volts may be too easily shorted during 
20 battery operation. 

The separator has an ionic resistance which is 
preferably less than 15 ohm-cm, more preferably less than 12 
ohm-cm and most preferably less than 10 ohm-cm. Separators 
having an ionic resistance which is greater than about 15 
25 ohm-cm may be too resistive for appropriate battery 
operation. 
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The separators have an absorbency which is preferably 
between 30% and 50%, more preferably between 35% and 48%, 
and most preferably between 38% and 46%. In certain 
embodiments of the invention, examples of absorbencies are 
5 absorbencies of 38%, 40% and 47%. Absorbencies are relative 
to the electrolyte used. In addition, the absorbencies are 
measured at 100 psi. The term "absorbency", as used 
herein, is expressed in percent, is the volume of 
electrolyte retained by the separator divided by the total 

10 volume of the separator (which can be calculated by the 
dimensions of the separator) . It is noted that if the 
absorbency is too low, then there is insufficient ionic 
conductivity through the separator. On the other hand, if 
the absorbency is too high, then the separator may become 

15 flooded. 

Many modifications and other embodiments of the 
invention will come to mind to one skilled in the art to 
which this invention pertains having the benefit of the 
teachings presented in the foregoing descriptions and the 

20 associated drawings. Therefore, it is to be understood that 
the invention is not to be limited to the specific 
embodiments disclosed and that modifications and other 
embodiments are intended to be included within the scope of 
the appended claims. Although specific terms are employed 

25 herein, they are used in a generic and descriptive sense 
only and not for purposes of limitation. 
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